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ABSTRACT 
A new transduction system for obtaining ultrasonic images of flaws in pieces accessible from 
two external planes, using a very low number of piezoelectric transducers, is analysed. The 
system is based on two arrays of transducers working in near field conditions and which insonify 
the inspected piece from perpendicular planes.  
 
Two data acquisition techniques have been developed from the transduction system proposed, 
depending on how complex the defect of the piece inspected is. Ultrasonic images are 
generated by combining different traces that are acquired by the transducers. To this purpose, 
specific digital signal processing algorithms developed for each of the two acquisition 
techniques are required. 
 
The results of the inspection of a methacrylate piece with reflectors located in different positions 
are presented using the two data acquisition techniques based on the transduction system put 
forward. Three case studies are presented: in the first only one punctual flaw is included, in the 
second two punctual reflectors have been simulated, whereas in the third, and more 
complicated case, several flaws are included forming a “<” sign.  
 
 
1. INTRODUCTION  
The generation of high resolution ultrasonic images for medical diagnosis or quality control in 
industrial applications is often based on using transduction systems with multiple transducers. 
The transducers, generally arranged in array [1, 2], are of small size and their acoustic 
apertures are located on the same plane. Different approximations to this purpose with their 
corresponding solutions have been proposed, each providing improvements in the quality of the 
resulting images, in many cases at the cost of increasing the number of elements involved in 
the transduction system [3, 4]. 
 
The techniques obtaining greatest qualities in the ultrasonic image are based on using a large 
number of transducers, in many cases of piezoelectric type. This high number of piezoelectric 
elements in practice involves the need to also multiply the electronic components associated, 
such as for example drivers, impedance adapters or memories. 
 
The above techniques have obtained satisfactory results, but all of them involve one aspect 
which from the practical standpoint is a major limitation from both the economic point of view 
and as regards the size of the equipment: the high number of transducers working 
simultaneously which in turn entails the use of bulky, complex and expensive electronics.  
 
As an alternative to these systems with a large number of elements, other systems with few 
transducers have recently been proposed for especial applications, which perform the 
inspection from different planes [5]. Going along with the idea of inspecting from different 
planes, in those cases where it is possible, this article describes an inspection system based on 
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a very low number of transducers [6, 10], located on perpendicular planes. The traces acquired 
by each of the transducers are used for forming an ultrasonic two-dimensional representation of 
the piece inspected by using digital signal processing techniques [6, 7, 8] especially developed 
for the transduction system presented in this work 
 
 
2. SYSTEM WITH PERPENDICULAR TRANSDUCERS  
The system is based on using two arrays of transducers located on perpendicular insonification 
planes, so that each zone of the piece inspected is insonifyed by two elemental transducers, 
one from each array. Hence two complementary measures of each zone evaluated are acquired 
with perpendicular apertures. Each array consists of a number of square piezoelectric elements 
of similar characteristics. To simplify the notation the same number of transducers in both arrays 
will be supposed, to be denominated N. Figure 1 displays the general transduction pattern.  
Figure 1.- General pattern of the transducer system. 
 
The 2N transducers work in pulse echo mode and near field condition. This near field 
characteristic implies that in the zone where the system is used, the beam is collimated, 
meaning that the wavefront roughly coincides with the area of emission of each transducer [9]. 
The emission area of the transducers will be supposed to be square of side L, so that the length 
of an array of N transducers is N*L. This transducer length will limit the maximum area of the 
piece to be inspected in each measurement; this area is (N*L)2. The inspected volume in each 
measurement is L*(N*L)2, and the inspected zone is limited to the corner of the piece. 
 
The materials inspected are supposed to be homogeneous from the acoustic standpoint, which 
means that the propagation speed is constant all over the piece. This propagation speed will be 
denominated vp. Hence, taking into account that the area of inspection of each piece is limited 
by the length of the array, the time of flight interval, tf , to be had into account in each transducer 
is: 
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The combination of information acquired by each transducer is done by means of using digital 
signal processing techniques. The sampling frequency fs of the signals along with the 
parameters defined above will determine the number of samples to be used in the traces 
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representation after the inspection. Hence the number of useful samples for each trace of a 
transducer working in pulse-echo mode is: 
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The number of points obtained for the image of an area of dimension (N*L)2 is: 
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And the distance between two consecutive points of the two-dimensional representation is: 
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Hence, to increase the resolution of the two-dimensional representation, referred to the distance 
between two consecutive pixels, the sampling frequency has to be raised. In practice the 
resolution is nevertheless marked by the duration of the ultrasonic echoes, meaning that the 
calculating distance is simply a theoretical limit. 
 
 
3. ACQUISITION TECHNIQUES   
Two data acquisition techniques have been developed for the transduction system. The first 
technique is specially designed for pieces with small isolated flaws, while the second, more 
complex, can be used for more complicated defects. 
  
Both techniques are based on each of the system’s transducers sequentially emitting a pulse 
and on the reception of the echoes produced by the piece inspected in each shot. The 
difference between both techniques lies in the number of transducers acquiring the information 
of the resulting echo in each shot. A greater number of receivers implies greater information 
about the inspected area, with the corresponding effects on the image quality, but also implies a 
greater degree of complexity at the point of acquiring ultrasonic traces and processing the 
signals for combination. For this reason two data acquisition techniques have been developed, 
one for simple cases and the other more complex and more general for all cases. 
 
In the first acquisition technique, each transducer emits a pulse, and the echoes from the piece 
are picked-up only by the transducer that is emitting. This emission and reception process is 
repeated sequentially and independently for all the transducers of both the horizontal and the 
vertical array. This means that at each point and instant of the inspection a single transducer is 
involved, though each zone of the piece is inspected in distinct instants by two transducers with 
perpendicular apertures belonging to different arrays. After the acquisition of the signals by this 
method 2*N traces are obtained, which, properly combined using one of the signal processing 
techniques developed for this purpose, produce the final image as a result [6, 7, 10]. This 
acquisition and processing technique works very well for pieces with small isolated flaws. A 
pattern illustrating this technique is shown in Figure 2.a. The limit for using this technique 
appears when there are two very nearby flaws illuminated by the same pair of transducers. 
 
In the second way, the transduction system involves a more complex operating mode which 
results in two-dimensional representations with higher accuracy regardless of the number and 
distribution of defects in the piece. When this technique is used, the transducers also emit 
sequentially, but for each shot there are three transducers acquiring signals: the transducer that 
is emitting and the two transducers adjacent to the emitter. This means that for each emitting 
transducer three traces are acquired and so the number of ultrasonic records to combine in this 
case is ( 3*2*N – 4 ). The term “- 4” appears since in the four transducers at the ends of the 
arrays only two measurements are obtained, instead of the three acquired by the transducers 
located in central positions of the array. In the pattern shown in Figure 2.b, which contains two 
arrays of three transducers each, the number of traces acquired will be 14 (6*3 - 4). 
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             a) 
 
                 b) 
Figure 2.- Patterns of measurements for two arrays of three transducers. a) First acquisition 
technique. b) Second acquisition technique. 
 
 
4. RESULTS 
This section presents some images resulting from inspecting a methacrylate piece 24x24 mm in 
size with two perpendicular arrays of four transducers (N=4) of square 6x6 mm aperture (L=6). 
The sampling frequency used is 100 MHz (fs=100) and the propagation speed of the ultrasound 
in the methacrylate is 2667 m/s (vp=2666.6). 
 
From the above data and Eq. 2 it proves that the number of useful samples in each transducer 
when it acts as an emitter and receiver is: 
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Hence the number of samples acquired by the transducers which emit and receive 
simultaneously is 1800, which implies that the resulting two-dimensional representation will 
have 3240000 (18002) points. The distance between the closest points displayed in the 
representation will be (Eq. 4): 
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On the piece described above, a number of specific reflectors located in different positions have 
been simulated. The results corresponding to three different cases are presented applying the 
two techniques described above. The method of digital signal processing used in all the cases 
is based on the Hilbert transform and on the two-dimensional product operator [6]. 
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Figure 3.- Representations obtained of a 24x24 mm part with 1 reflector. a) Image applying the 
first technique. b) Image applying the second technique. 
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Figure 4.- Representations obtained of the 24x24 mm piece with 2 reflectors. a) Image applying 
the first technique. b) Image applying the second technique. 
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Figure 5. Representations obtained of the 24x24 mm piece with 7 reflectors forming a “<” sign. 
a) Image applying the first technique. b) Image applying the second technique. 
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The first case corresponds to a single reflector. In this case the location by both methods is 
adequate and the resulting representations can be seen in Figures 3.a and 3.b. However, 
although in both techniques the location is very good, when method 1 is used (Figure 3.a) 
certain shadows appear around the reflector being sought, in perpendicular directions to the 
observation angles. These shadows disappear when the second technique is used due to the 
information provided by the lateral transducers. 
 
The second case presented contains two nearby reflectors, which are insonifyed by the same 
transducers in the vertical and horizontal arrays. In this case, Figure 4.a shows how the 
technique using only the traces acquired by the transducers which are emitting produces an 
image with the marks desired but where additional phantom marks also appear. In this case, by 
applying the second acquisition technique the phantom marks disappear and the reflectors 
being looked for continue to be seen. 
 
The third and last case presents a piece with seven reflectors forming a “<” sign. The reflectors 
in this case affect several transducers in the two arrays. Figure 5.a depicts the representation 
obtained by applying the first acquisition method where the reflectors forming the sign “<” 
appear along with other ghost reflectors. In Figure 5.b after the application of the second 
inspection technique one can clearly appreciate the marks of the seven reflectors being sought 
which do not show any shadows as seen in the first method, either. 
 
5. CONCLUSIONS 
This paper has dealt with a transduction system for ultrasonic imaging based on using arrays 
with a small number of elements located on perpendicular planes. The system can work in two 
different ways, producing two-dimensional representations of the pieces inspected with differing 
degrees of quality.  
 
The results of inspecting a methacrylate piece have been presented for three different 
distributions of reflectors. In the first case, a single reflector has been considered in the piece, 
and in the second case there were two reflectors, while in the last experiment seven reflectors 
spread out to form a “<” sign were used.  
 
The selection of the more adequate inspection method, using the transduction system 
described, will depend on the degree of quality required in the final representation and on the 
distribution of the flaws in the piece which is to be inspected. 
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